OBJECTIVES: The purpose of this study was to determine whether the number of operated valves affects early and late outcomes in redo valvular surgery.
INTRODUCTION
As the aged population grows, redo valvular surgery will be performed more frequently for various conditions such as structural valve deterioration. The mortality rate of redo valvular surgery is high (6.7% in our previous paper) [1] . In elderly patients ≥75 years of age, it may exceed 10% [2, 3] .
Conversely, Holst et al. recently reported the outcomes of reoperative multivalve surgery in adult patients with congenital heart disease. They concluded that the number of valves undergoing surgery did not affect early or late survival [4] .
Additionally, Luciani et al. showed that multiple valve procedures in an initial surgery are not associated with hospital mortality in adults [5] . However, they did not investigate the relationship between multiple valve procedures and late outcomes following redo surgery.
Therefore, we reviewed 20 years of our experience with redo valvular surgery and investigated the impact of multivalve surgery on both early and late outcomes.
MATERIALS AND METHODS
This retrospective study was approved by the institutional review board of our hospital.
We analysed 328 consecutive patients who underwent 431 redo valvular surgeries at our hospital from January 1990 to December 2010 by reviewing their medical records in accordance with the Society of Thoracic Surgeons guidelines. All patients had previously undergone one or more valvular surgeries including congenital valvular surgeries at our or another hospital. In other words, the patients who did not undergo previous valvular procedures at all were excluded in this study. Redo surgery beyond the first redo means having redo surgery a second time or more number of times. At redo valve replacement, the choice of the prostheses was at the discretion of the surgeon. Patients undergoing concomitant coronary artery bypass grafting, aortic surgery and arrhythmia surgery were included in this study. Data were collected from the patients' medical records. Data analysis was performed according to the Society of Thoracic Surgeons guidelines [6] .
We divided these patients into two groups as follows: the redo single valvular surgery group (Group S, n = 175; total surgical procedures, 230 surgeries) and the redo multivalvular surgery group (Group M, n = 153; total surgical procedures, 201 surgeries). The definition of redo single-or multivalvular surgery is in reference to the current redo valvular surgery. We analysed the impact of multivalvular surgery in the setting of redo surgery on both early and late outcomes compared with single valvular surgery. The outcomes included all-cause hospital mortality and late survival.
Statistical analysis
All statistical analyses were conducted with StatView version 5.0 software (SAS Institute, Cary, NC, USA). Categorical variables were expressed as the number of patients (%) and compared between two groups using the χ 2 test. Continuous variables were expressed as the mean ± SD and compared between the two groups using Student's unpaired t-test. Also, continuous variables with a nonnormal distribution were expressed as the median (interquartile range). The Kaplan-Meier method was used to calculate long-term survival.
Univariate analysis was performed by Fisher's exact probability test or Student's t-tests to analyse risk factors associated with hospital mortality.
Variables that were not statistically significant in the univariate analysis but that had a P value of <0.2 were included in the multivariable logistic regression analysis to determine the independent predictors of hospital mortality. Risk factors for long-term survival were evaluated with Cox multivariate regression analysis after potential predictive variables were selected on the basis of univariate analysis performed by Fisher's exact probability test or Student's t-tests. Odds ratios and hazard ratios of continuous variables are expressed as per-unit values, and 95% confidence intervals were used. All P values of ≤0.05 were considered statistically significant.
RESULTS
The mean patients' age was 61.5 ± 13.0 years. The preoperative characteristics in the two groups are summarized in Table 1 . The mean age in Group S was 60.5 ± 14.5 years, and that in Group M was 62.5 ± 11.1 years (P = 0.12). Preoperative atrial fibrillation was more frequently recognized in Group M than in Group S (P < 0.001). The numbers of patients with New York Heart Association (NYHA) functional class III or IV were similar between the two groups (P = 0.46).
The patients underwent follow-up at the outpatient clinic every 2, 3, 6 or 12 months. Therefore, the decision making regarding the performance of redo surgery was made by ourselves. We also performed telephone interviews with the patients who could not visit the hospital. The mean follow-up period was 6.4 ± 5.8 years and the follow-up rate for late survival was 98.3% when the present data were collected.
Previous or most recent surgery and causes of redo surgery
The frequency of isolated aortic valve surgery in Group S was greater than in Group M (P < 0.001). Mitral ( plus tricuspid) valve surgery was more likely to be performed in Group M than in Group S. Concomitant surgeries such as coronary artery bypass grafting were described. These details are shown in Table 2 .
The main cause of redo surgery in both groups was structural valve deterioration. It was more frequently recognized in Group M than in Group S (P < 0.001). Other possible causes included new lesions of diseased valves, pannus formation and stuck valves.
Present redo surgery
Indications for redo surgery, surgical techniques and prosthetic valve selection were based on the preference of each cardiac surgeon. The operative interval was 10.1 ± 7.3 years in Group S and 15.0 ± 10.1 years in Group M (P < 0.001).
All patients underwent redo surgery via repeated full sternotomy. When the right ventricle was located close to the sternum on computed tomography or elevated right ventricular pressure was encountered during repeat sternotomy, as we previously reported, we applied extracorporeal circulation via peripheral cannulations to avoid injury [1] . Myocardial protection comprised antegrade or retrograde cold blood cardioplegia or both, which were performed based on the type of redo valvular surgery.
The data on the operative interventions are summarized in Table 3 . Mitral valve surgery was performed in 102 patients (58%) in Group S. Of these patients, mitral valve replacement (MVR) with a mechanical valve was performed in 49 and with a bioprosthetic valve in 42. The remaining 11 patients underwent mitral valve repair or direct repair for perivalvular leakage. In the aortic position in Group S, mechanical valve replacement was performed in 17 patients and a bioprosthetic valve was implanted in 40. The remaining 2 patients underwent aortic valve repair. In the tricuspid position, annuloplasty was performed in 7 patients and valve replacement with a bioprosthesis in 7. More than 90% of the patients in Group M underwent mitral valve surgery plus another valve surgery (aortic valve plus mitral valve plus tricuspid valve). A total of 204 patients had preoperative atrial fibrillation. However, the maze procedure was performed in only 8 patients in Group M and 4 in Group S because of the chronic phase or dilatation of the left atrium. Other concomitant surgeries are also given in Table 3 . One patient underwent redo pulmonary valve replacement using a bioprosthesis for structural valve deterioration in the pulmonary position concomitant with aortic valve replacement (AVR) for infective endocarditis in the aortic position. The pathology for the initial pulmonary valve replacement was unknown because the procedure was performed at another hospital.
The cardiopulmonary bypass and aortic cross-clamp durations for Groups S and M were 203.1 ± 100.0 vs 229.5 ± 99.8 min (P < 0.001) and 123.0 ± 67.2 vs 147.5 ± 67.2 min (P < 0.001), respectively.
Early outcomes and risk factors for hospital mortality
The overall hospital mortality rate was 6.7%. The hospital mortality rate was 6.5% (15/230 redo surgeries) in Group S and 7.0% (14/201 surgeries) in Group M. There was no statistically significant difference between the two groups (P = 0.85). The mean time from surgery to hospital death was 57.2 ± 88.3 days. The causes of mortality included multiorgan failure (n = 13), arrhythmia (n = 5), low-output syndrome (n = 5), uncontrollable bleeding (n = 3), hepatic or renal dysfunction (n = 2) and cerebral haemorrhage (n = 1). Multiorgan failure occurred predominantly in patients (10/13) with preoperative advanced NYHA functional class or renal dysfunction (8/13).
Hospital death after an emergency surgery was six (40%) in Group S and two (14%) in M, respectively (P = 0.12). Although we performed emergency surgery for stuck valves in the aortic position in 3 patients in Group S and 1 patient in Group M, we could not save these patients. Group S included 3 patients with a history of previous coronary artery bypass grafting. The numbers of patients with NYHA functional class III or IV, pulmonary hypertension of ≥60 mmHg and endocarditis were similar in both groups. Additionally, we analysed the data based on type of previous and present surgery and divided the patients into subgroups as follows: patients with prior AVR presently undergoing AVR (n = 50, 58 surgical procedures), patients with prior AVR presently undergoing MVR (n = 4, 6 surgical procedures), patients with prior MVR presently undergoing MVR (n = 96, 133 surgical procedures) and patients with prior MVR presently undergoing AVR (n = 10, 10 surgical procedures). These subgroups included tricuspid valve surgery. The mortality rate in each subgroup was as follows: prior Although there were no significant differences in early outcomes between the two groups, including ventilator support duration and intensive care unit stay (Table 4) , there was a clear trend (bleeding was significantly different between two groups) to increased morbidity in the multivalve group. We applied postoperative intra-aortic balloon pumping in 3 patients, but all were discharged.
Logistic regression analysis revealed that advanced age [odds ratio, 1.045; P = 0.043; 95% confidence interval (CI) 1.001-1.091] and NYHA functional class III or IV (odds ratio, 3.878; P = 0.005; 95% CI 1.507-9.978) were independent risk factors for hospital mortality ( Table 5 ). The number of valves requiring redo surgery was not a significant risk factor. Pulmonary hypertension of ≥60 mmHg was a risk factor for hospital mortality in univariate analysis (P = 0.019), but not in multivariate analysis.
Long-term survival
The Kaplan-Meier estimates of cumulative survival between the two groups are shown in Fig. 1 . The survival rates at 5 and 10 years in Groups S and M were 84.8 ± 3.0 vs 82.0 ± 3.5 and 70.8 ± 4.6 vs 70.2 ± 4.9%, respectively (log-rank P = 0.56). There were 49 late deaths including 14 non-cardiac deaths. We divided group M into two subgroups (two-valve and three-valve redo surgery subgroups) and analysed long-term survival between these subgroups. There was no statistically significant difference in survival (log-rank P = 0.36) (Fig. 2) .
Cox regression analysis revealed that advanced age (hazard ratio, 1.080; P < 0.001; 95% CI 1.051-1.110), a left ventricular ejection fraction rate of <60% (hazard ratio, 1.755; P = 0.035; 95% CI 1.041-2.960) and redo surgery beyond the first redo (hazard ratio, 1.446; P = 0.043; 95% CI 1.012-2.066) were independent negative predictors of late mortality. NYHA functional class I or II was a positive predictor of late survival (Table 6 ). In this analysis, neither the number of valves nor the presence of pulmonary hypertension of ≥60 mmHg was identified as a predictor of late mortality. 
DISCUSSION
We have shown that the number of valves requiring redo surgery does not affect early or late survival. Even in the era of minimally invasive surgery and transcatheter valve implantation, we conclude that the importance of conventional surgery is unchanged. Holst et al. reported that the number of valves requiring intervention did not affect early and late survival in adult patients with congenital heart disease [4] .
Luciani et al. showed that multiple valve procedures were not associated with hospital mortality in adult patients with acquired valvular diseases [5] . However, they did not mention the relationship between multivalve procedure and late outcomes following redo surgery. Here, we have elucidated the early and late outcomes following redo multivalve surgery, as well as the associated risk factors.
Generally, the operative mortality rate in redo valvular surgery is reportedly 7-11% higher than that following initial surgery [1, [7] [8] [9] [10] . In this study, the overall hospital mortality rate was 6.7% (29/431).
Multivalve redo surgery might be avoided in the clinical setting because of the high redo operative mortality rates. Intervention for the tricuspid valve has been ignored even in primary surgery because medical treatments such as diuretic drugs can alleviate the symptoms, leading to avoidance of surgery [11] . Moreover, tricuspid regurgitation (TR) was believed to be improved after correction of left-sided valve disease. We can easily imagine that this trend is more likely to occur in redo valvular surgery. However, we previously focused on the importance of TR in the setting of redo valvular surgery. Residual TR that is beyond moderate in severity following redo surgery, which might be ignored in the clinical setting, had a negative impact on late survival [12] . Even in the setting of redo surgery, and particularly in multivalve surgery, TR should undergo surgical treatment to improve late survival.
In this study, we identified advanced age and NYHA functional class III or IV as risk factors for hospital mortality. Some previous reports have reported advanced age, impaired left ventricular function or renal function, coronary artery bypass grafting, advanced NYHA functional class, urgency, endocarditis, mechanical valve replacement and chronic obstructive pulmonary disease as risk factors for hospital mortality [1, 7, 8, [13] [14] [15] .
Serial follow-up and early referral for redo surgery are very important in patients with advanced age and an advanced NYHA functional class. Surgery that is delayed for various reasons, such as advanced age, will negatively impact early outcomes. In this study, the operative interval was longer in Group M than in Group S, possibly because cardiologists or practitioners managed the patients who required redo surgery using medical treatments to avoid surgery.
The hospital mortality rates in single-and multivalve redo surgery were 6.5 and 7.0%, respectively, with no statistically significant difference. More emergency surgeries were performed in Group S than in Group M (P = 0.1216), and Group S had 3 patients with a history of previous coronary artery bypass grafting. These two factors were reported to be risk factors for early death. We considered that the patients' histories or preoperative conditions contributed to the relatively high hospital mortality rate even in single-valve redo surgery. However, as a result in this study, the number of valves that underwent surgery did not affect early mortality; rather, it was important to assess patients' backgrounds or preoperative conditions to improve early outcomes. With regard to morbidities, more frequency of re-exploration for bleeding occurred in Group M (P = 0.0145). In Group M, 16 patients who suffered from bleeding had preoperative atrial fibrillation and were on an oral anticoagulant, 2 patients had atrial fibrillation and were on anticoagulant therapy. The possible reason of increased frequency of bleeding might be the preoperative presence of anticoagulant associated with atrial fibrillation.
Also, the longer duration of cardiopulmonary bypass and heparin use might affect postoperative bleeding.
In our study, a main cause of redo valvular surgery was structural valve deterioration in the mitral position predominantly. One possible reason for this trend was that MVR with a bioprosthesis was historically performed even in younger patients at our institute; this was because we previously experienced the thromboembolic events frequently after MVR with a mechanical valve. The long-term survival rates of patients who underwent singleor multivalve redo surgery were satisfactory, and the survival rates between the two groups were not significantly different. Our previous report showed 5-and 10-year overall survival rates of patients who underwent redo valvular surgery of 83.6 ± 2.2 and 70.7 ± 3.4%, respectively [1] . In the present analysis, advanced age, a decreased left ventricular ejection fraction, and more redo surgery beyond the first redo were negative predictors of late survival. NYHA functional class I or II was a positive predictor of survival (P = 0.0153). These results indicate that optimal referral for redo surgery contributed to improved late survival following single-or multivalve surgery.
Based on the present data, our policy is to intervene for all diseased valves with optimal timing and after careful preoperative patient assessment.
The present study was limited by its retrospective and nonrandomized nature. The study reflects 20 years of experience of redo heart valvular surgery at a single Japanese hospital with a relatively small sample cohort, which resulted in heterogeneity. Additionally, the indications for redo surgery, surgical techniques and prosthetic valve selection were based on the preference of each cardiac surgeon who performed the surgery.
However, our comparative study provides helpful clinical information regarding risk assessment of early and late outcomes following single-or multivalve redo surgery. In particular, as the population ages, cardiac surgeons and cardiologists will face increasingly more patients who require redo valvular surgeries.
In conclusion, the number of valves requiring redo surgery did not have a negative impact on early or late survival. Surgical intervention for all diseased valves should be considered, even in redo valvular surgery, according to the optimal timing and the patient's risk assessment.
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